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difference between the two was slight. The average percentage of 
bone magnesium in Group h rats was 0.714 after 56 days and 0.737 
after 74 days. For Group B rats it was 0.676 after 56 days and 
0.691 after 74 days, indicating that the content of bone magnesium 
was not decreasing as restriction to the milk diet continued. 

Since, in addition to the normal serum magnesium and absence of 
deficiency symptoms, the magnesium content of bone did not con- 
tinually decrease during the experimental period, it is concluded that 
cow milk contains enough magnesium to prevent magnesium de- 
ficiency in rats. This suggests that the magnesium requirement 
of rats is either (a) lower than that of calves, or (b) rats are bet- 
ter able than calves to utilize the magnesium of cow milk. 
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Anticatalase Activity of Sulfanilamide and Related Compounds. 

Cultures. 
111. Oxygen Tension and Bacteriostasis in Pneumococcal 

LAWRAXCE E. SIIINN, EDNA K. MAIN AND RALPH R. MELLON. 
Front the WYesterii Pevwi.qlvuiiicc Hospital Institute of Pathology, Pittsburgh, Pa. 

In previous publications'-5 the authors have investigated the theory. 
originally proposed by Locke,l that the retardation of growth of 
certain microijrganisms in the presence of sulfanilamide may be 
primarily the result of the accuniulation of hydrogen peroxide. This 
accumulation is presumed to arise through the inhibition of cata- 
lase by sulfanilamide which has been activated by oxidation. It was 
demonstrated' that sulfanilamide and many structurally related com- 
pounds have an appreciable anticatalase activity which is frequently 
enhanced by oxidative processes such as those involved in ultraviolet 
irradiation an@ that bacteriostasis of Type I pneumococcus iiz, vitro 
is accompanied by a correspondingly marked accumulation of hydro- 
gen peroxide in the culture. 

The formation of hydrogen peroxide requires time and oxygen, 
1 Locke, A., Main, E. R., and Mellon, R. R., Scieice, 1938, SS, 620. 
2 Main, E. R., Shinn, L. E., and Mellon, R. R., PEW. SOC. ESP. BIOL. AND MED., 

3Locke, A., Main, E. R., and Mellon, R. R., J .  Im~)twn~Z., 1939, S6, 183. 
4 Hellon, R. R., Modern Hospital, 1938, 51, 53. 
5 Shinn, 1,. E., Main, E. R., and Mellon, R. R., P m .  SOC. ED. BIOL. AND IVIED., 

1938, 39, 272. 

1938, 38, 591. 
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"points of sufficient importance as possible limiting factors in the 
application of sulfanilamide therapy to occluded and rapidly devel- 
oping infection to warrant inquiry and test."3 The dependence of 
the inhibitory power of sulfanilamide on oxygen has been examined 
experimentally in vitro with reference to the Type I pneumococcus 
and the results are herewith reported. 

The cultures were grown in 50 cc Erlenmeyer flasks each contain- 
ing 10 cc of veal-heart-infusion-broth, autoclaved immediately 
before use. Glucose (0.4%) and blood ( 5  x lO-' cc) were then 
added to each flask. Sulfanilamide (10 mg %) was added where 
required. All flasks were seeded with 0.025-0.1 cc of a 6-hour 
broth culture of Type I pneumococcus, the exact amount for a given 
experiment being determined by the degree of growth of the seeding 
culture. Reduced oxygen tension was obtained by placing the flasks 
in vacuum jars and evacuating and refilling with nitrogen to atnios- 
pheric pressure until the required concentration of oxygen was 
theoretically present. In the last jar of each series an oxygen ab- 
sorbent, sodium pyrogallate or hydrosulfite, was used to remove 
further traces of oxygen. All cultures were incubated 16-17 hours, 
at the end of which time growth was determined by turbidimetric 
comparisons. Plate-counts were avoided because of the chaining 
which occurs in the presence of sulfanilamide. 

The results, given in Table I, show that decrease in oxygen tension 
is accompanied by decrease in the inhibition of growth caused by 
sulfanilamide. The average inhibition in the presence of air (21% 
oxygen) is 54%. At 10% oxygen the inhibition is 40% and the 
decrease continues until a concentration of 1 % of oxygen is reached, 
where the inhibition is essentially zero. When the concentration 
is reduced to 0.04% there is uniformly a stimulation of growth in 
the presence of sulfanilamide. On still further reduction of the 
available oxygen by the presence of pyrogallate or hydrosulfite, the 
inhibition resulting from sulfanilamide reappears. 

No hydrogen peroxide was detected (limit about 6 y/cc) in the 
cultures which contained no sulfanilamide. * Peroxide was present 
in concentrations of 10-25 y/cc in the sulfanilamide-containing cul- 
tures grown in 21 or 10% oxygen. No peroxide was detected in any 
cultures at the lower oxygen levels. This result accords well with 
the abrupt drop in inhibition (average) between the 10 and 5% 
oxygen levels. 

It is difficult to explain the inhibition at low oxygen tension as a 
* This would be anticipated from the constitution and relative old age of the 

cultures. 
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result of peroxide accumulation. As the oxygen tension reaches a 
sufficiently low level another mechanism may appear. While the 
anticatalase activity of sulfanilamide apparently depends upon acti- 
vation of the p-amino group,' the sulfonamido group may become 
reactive under anaerobic conditions. Reduction to sulfides, known to 
be highly toxic, may account for the reappearance of inhibition under 
extreme anaerobic conditions (cf.,  last line of Table I). The great 
volume of clinical and experimental work carried out with the 
sulfonamide compounds has shown that the presence of the sulfur 
group is essential to their effectiveness. Increased growth in the 
presence of sulfanilamide in the next to lowest oxygen concentration 
could be explained as stimulation by very small quantities of sub- 
stances which are toxic in larger amounts. This condition of ex- 
treme anaerobiosis would probably not obtain clinically in pneumo- 
coccal or streptococcal infections. 

Little attention has been given to the bacteriostasis of anaerobes 
or infections with anaerobes insofar as sulfanilamide is concerned. 
However, Spray' has shown that certain spore-forming anaerobes 
are susceptible to bacteriostasis by this compound. It may be that 
in such cases the anaerobic type of inhibition which has been demon- 
strated here will prove pertinent. 

A significant comparison can be made between the concentration of 
oxygen required for adequate bacteriostasis and the concentration 
available in vivo. The oxygen present in the plasma of normal 
arterial blood is stated to be 0.676.' Assuming the solubility of 
oxygen in broth to be essentially the same as in water and assuming 
that at the higher levels of oxygen concentration equilibrium is at- 
tained, the oxygen present in the cultures with atmospheres con- 
taining 21, 10, and 5 %  oxygen would be respectively 0.5, 0.24, and 
0.12%. Thus under normal conditions the amount of oxygen 
present in plasma is adequate for support of a high degree of inhibi- 
tion. The dependence of sulfanilamide upon oxygen indicates the 
advisability of maintaining or increasing, where possible, the oxygen 
supply at the lesion. 

While this material was being prepared for publication there ap- 
peared 2 excellent articles which constitute essential confirmation, 
with respect to the streptococcus, of the mechanism which we have 
proposed. Fox, German, and Janeway* clearly demonstrated by 

8Spray, R. S., J .  Lab. and Clin. Xed.,  1938, 23, 609. 
7 Sollmann, T., Manwl of Pharmacology, W. B. Saunders Go., Philadelphia, 

SFOX, C. L., German, B., and Janemay, C. A., Paoc. SOC. Em. BIOL. AND Mm., 
1936, page 753. 

1939, 40, 184. 
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potentiometric methods that cultures of the hemolytic streptococcus 
undergoing inhibition by sulfanilamide maintain an elevated potential 
indicating the presence of oxidizing substances. The normal growth 
in cultures without sulfanilamide was accompanied by a fall in poten- 
tial. A similar fall in potential occurred in sulfanilamide-containing 
cultures after inhibition was overcome. The presence of cysteine or 
reduced access to oxygen diminished or obliterated the inhibitory 
power of sulfanilamide. The addition of catalase decreased the 
potentials attained and the degree of stasis. This effect of added 
catalase implies that the substance responsible for elevated potential 
and bacteriostasis is hydrogen peroxide. Fox and his coworkers 
draw no conclusion regarding the nature of the oxidizing substance. 
In view of the method employed, which is an extremely delicate but 
non-specific test for oxidizing and reducing agents, their caution is 
fully justified. 

Warren, Street, and Stokiiiger' presented at the same time essen- 
tially similar results by the same methods. They have extended the 
study by testing some related compounds and showing that, among 
others. the presence of p-acetyl sulfanilamide, considered by most 
workers to be a completely inactive compound, caused no rise in 
potential and no inhibition.? Sulfapyridine produced inhibition and 
caused an elevated potential. In work soon to be published we have 
been able to show that p-acetyl sulfanilamide produces no inhibition 
a.nd no peroxide accumulation in the pneumococcus and that sulfa- 
pyridine produces inhibition and peroxide accumulation in excess of 
that produced by sulfanilamide. 

Warren, et al., place a somewhat different interpretation on their 
results than do Fox and his coworkers. The divergence appears to 
be based largely on differing results with regard to the potential pro- 
duced by suufanilamide in sterile broth. Variable findings on this 
point are not surprising in view of the fact that sulfanilamide could, 
in theory, cause such a rise under proper conditions. Traces of in- 
termediate oxidation products of the p-amino group would probably 
confer an elevated potential. That these may exist in sulfanilamide 
solutions is indicated by the appreciable anticatalase activity of the 
non-irradiated compound.2 

1. Reduction of the percentage of oxygen in the Summary. 

9 Warren, J., Street, J. A., and Stokinger, H., PBOC. 800. E n .  BIOL. AND MED., 

t In 2 it mas shown that p-acetyl sulfanilamide is distinguished by possessing 
1939,40, 208. 

no anticatalase activity before or after irradiation. 
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superambient air of broth cultures of the Type I pneumococcus 
greatly reduced or prevented bacteriostasis by sulfanilamide. 

When the oxygen concentration was reduced to 0.04% an 
actual stimulus of growth by sulfanilamide was found. 

When the oxygen was further reduced by the presence of 
pyrogallate or hydrosulfite the inhibition by sulfanilamide reappeared. 

Hydrogen peroxide was detected only in cultures in equili- 
brium with atmospheres containing 10% oxygen or more. These con- 
centrations correspond to those permitting effective bacteriostasis 
and are comparable to those obtainable in the plasma. 

The lack of inhibition at intermediate concentrations shows 
that oxygen plays a vital r61e in the action of sulfanilamide. The 
failure to form peroxide at these same concentrations is taken as 
evidence that oxygen exerts its influence through the agency of 
hydrogen peroxide. The stimulus and recurring inhibition at the 
lowest values is interpreted as evidence of the formation of a toxic 
reduction compound, possibly a sulfide. The latter type of inhibi- 
bition may play a r61e in any bacteriostatic effect against anaerobes. 

2. 

3. 

4. 

5. 
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Advances in the Serological Typing of Streptococcus hemolyticus. 

A L V I N  F. COBURN AND SUSAN O'CONNELL. (Introduced by M. H. 
Dawson. ) 

Prom the Department of Medicine, CoUege of Physicians and Surgeom, Columbia 
University, amd the Presbyterian Hospital, New Pork City. 

Griffith's' technic for typing Group A hemolytic streptococcus 
has been applied in this laboratory to the classification of more thaii 
one thousand strains recovered from a variety of infections. It was 
possible to type 70% of the organisms examined in 1935 and 1936 
by the procedure described previously.2 At that time several diffi- 
culties were pointed out: (1) the elimination of anti-C cross-reac- 
tions ; (2) the granular character of matt organisms ; and (3) the 
failure of certain strains to be agglutinated by any of the 28 available 
type-specific sera. 

As shown previously2 interfering cross-reactions due to anti-C 
substance in the sera could be eliminated by absorbing the sera with 

1 Griffith, F., J .  Hyg., 1935,34, 542. 
2 Pauli, R. H., and Coburn, A. F., J .  Exp. Me&, 1937, 86, 595. 




